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Adenomyosis is a benign uterine disorder characterized by the presence of heterotopic endometrial glands and stroma in the myometrium and reactive fibrosis of the surrounding smooth muscles cells of the myometrium. For the past 80 years, a number of theories have described how adenomyosis develops. Currently, the most widespread hypothesis is that adenomyosis originates from the invagination of the basalis of the endometrium into the myometrium. According to a second theory, this basalis invagination would proceed along the intramyometrial lymphatic system. A third theory suggests that a metaplastic process initiating from ectopic intramyometrial endometrial tissue is produced de novo.^[@bib1]--[@bib3]^

Reports show that approximately 20% of cases of adenomyosis involve women younger than 40 years, and 80% are 40 to 50 years old. The most severe symptoms are associated with the older group. Adenomyosis is completely asymptomatic in approximately one third of cases. The most frequent symptoms in the remaining two thirds are menorrhagia (50%), dysmenorrhea (30%), and metrorrhagia (20%). Dyspareunia may also be a complaint.^[@bib4],[@bib5]^

From the epidemiologic data, a large number of births, spontaneous and induced abortions, and endometrial hyperplasia are related to increased risk of adenomyosis. Other risk factors associated with adenomyosis are endometriosis, smoking, and surgical trauma, such as cesarean section or curettage.^[@bib6]^ Since adenomyosis has been reported in 60% of postmenopausal women taking tamoxifen therapy for a long time, it seems to reactivate lesions of preexisting adenomyosis,^[@bib7]^ implying that this condition is estrogen dependent.

DIAGNOSIS OF ADENOMYOSIS
========================

Until recently, adenomyosis was thought to be found only in parous women. With few physical findings, diagnosis of adenomyosis relied on surgical resection and pathological examination. With improved imaging techniques, however, it is frequently encountered in infertile patients. Hysterectomy has been advised for women with severe symptoms from adenomyosis, although alternative conservative treatment can preserve the uterus. Therefore, the role of preoperative diagnostic tools is important to avoid unnecessary surgery. In patients with uterine masses and infertility, adenomyosis needs to be excluded before other treatment options are given.^[@bib8]^

Hysterosalpingography was the first imaging tool used to diagnose adenomyosis, but it is no longer used to evaluate patients because of its low overall accuracy.^[@bib9]^

Uterine enlargement without any features of fibroids and asymmetric thickening of anterior and posterior myometrial walls are signs of adenomyosis that transabdominal ultrasonography (TAU) can reveal.^[@bib10],[@bib11]^ In a retrospective review, Siedler et al.^[@bib10]^ examined 80 patients using TAU and diagnosed adenomyosis with a sensitivity of 63%, a specificity of 97%, and a positive predictive value of 71%. However, because it is not possible to get sufficient image resolution to visualize the myometrium, TAU cannot reliably diagnose adenomyosis or differentiate it from leiomyoma.^[@bib10],[@bib11]^

In clinically suspected adenomyosis cases, transvaginal sonography (TVS) should be considered as the primary diagnostic tool. Fundamental TVS signs for adenomyosis are heterogeneous and hypoechogenic poorly described areas in the myometrium, those areas with or without anechoic lacunae or cysts of varying size, linear striation radiating out from the endometrium into the myometrium, poor definition of the junctional zone (JZ), and pseudo-widening of the endometrium (enlargement of uterus with asymmetric thickening of the anterior or posterior walls). Adenomyosis is most often diagnosed in the presence of 3 or more sonographic criteria.^[@bib8],[@bib12]^

On 3D TVS, features linked to adenomyosis were JZmax 8 mm or greater, myometrial asymmetry, and hypoechoic striations.^[@bib13]^ When at least 2 of the described ultrasound features were present, the accuracy was 90% (sensitivity, 92%; specificity, 83%; positive predictive value, 99%; and negative predictive value, 71%).

According to Dueholm et al. (2001),^[@bib12]^ magnetic resonance imaging (MRI) and TVS were equally good at identifying patients with adenomyosis, but MRI was superior to TVS to exclude the diagnosis of adenomyosis, with equal sensitivity but a higher specificity (sensitivity: MRI, 0.70 (0.46--0.87); and TVS, 0.68 (0.44--0.86) (*P* = 0.66); specificity: MRI, 0.86 (0.76--0.93); and TVS 0.65 (0.50--0.77) (*P* = 0.03). The combination of TVS and MRI had the highest sensitivity, but, surprisingly, it also had the lowest specificity. In addition, measuring the difference in junctional zone thickness may optimize the MRI diagnosis. Gordts et al.^[@bib14]^ recently suggested the following adenomyosis classification: simple JZ hyperplasia (zone thickness \>8 mm but \<12 mm on T2-weighed images, in women aged 35 years or younger); partial or diffuse adenomyosis (thickness \>12 mm; high signal intensity myometrial foci; involvement of the outer myometrium \<1/3, \<2/3, and \>2/3), adenomyoma (myometrial mass with indistinct margins with primarily low signal intensity on all MRI sequences). However, this classification still remains to be proved. The consensus today is that adenomyosis can be strongly considered when JZ thickness is greater than 12 mm, although there is no definable JZ on MRI in approximately 20% of premenopausal women.^[@bib15]^ A diagnosis can also be suspected when the thickness of the JZ is between 8 and 12 mm; if other signs, such as a relative thickening of JZ in a localized area, poor definition of the JZ borders, or high signal foci on T2- or T1-weighed sequences, are present.^[@bib9]^

Uterine Junctional Zone (JZ)
----------------------------

In 1983, Hricak et al.^[@bib16]^ first described the functional uterine zone, which is the junction between the endometrium and the inner myometrium. Today, in healthy women of reproductive age, through T2-weighted images, 3 distinct layers were noted: (i) a high signal intensity corresponding to the endometrial stripe, (ii) an inner low signal intensity that is adjacent to the basal endometrium, the JZ or subendometrial layer, and (iii) an outer medium signal intensity subserosal zone, or outer myometrium.^[@bib17]^ However, diffuse thickening of the JZ should be carefully distinguished from normal physiological change, since the thickness of JZ varies considerably during the menstrual cycle.^[@bib18]^ de Souza et al.^[@bib19]^ reported an incidence of 54% myometrial JZ hyperplasia (a clear sign of adenomyosis) in subfertile patients complaining of menorrhagia or dysmenorrhea.

Association With Infertility
----------------------------

Diagnosing adenomyosis was difficult until recently, and in the past, it was associated with multiparous women not with infertility. Indeed, women often delay their first pregnancy, and adenomyosis is typically observed in their late 30s and 40s. When nonsurgical diagnosis, such as TVS and MRI, became possible, the role of adenomyosis in infertility and early miscarriage was recognized.^[@bib20]^

CLINICAL EVIDENCE OF CORRELATION BETWEEN ADENOMYOSIS AND INFERTILITY
====================================================================

Dysfunctional Uterine JZ and Fertility Outcome
----------------------------------------------

Chiang et al.^[@bib21]^ suggested the link between spontaneous abortion rate and uterine JZ dysfunction in infertile patients undergoing in vitro fertilization (IVF) and found that the spontaneous abortion rate was higher in women with a diffusely enlarged uterus on ultrasound imaging without distinct uterine masses compared with those with a normal uterus. However, their pregnancy rates were not statistically significant. Piver et al.^[@bib22]^ also proposed that MRI evaluation of JZ thickness is the best negative predictive factor of implantation failure, and an increase in JZ diameter is inversely correlated to implantation rate. Implantation failure was found to be high when the average junctional zone was greater than 7 mm.^[@bib23]^

Achieving Pregnancy After Medical or Surgical Therapy
-----------------------------------------------------

Infertile women reportedly achieve pregnancy after being treated for adenomyosis. Since 1993, published case reports or small series report adenomyosis treated with gonadotrophin-releasing hormone (GnRH) analog alone, conservative surgery, or combined therapy (Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}).^[@bib24]--[@bib42]^ A live birth rate after treatment with GnRH agonist (GnRH-a) for 5 months was first reported by Silva et al.^[@bib25]^ In a case study by Nelson and Corson,^[@bib24]^ the patient with histologically diagnosed adenomyosis who underwent a long-term course of GnRH-a conceived shortly after cessation of treatment. It was also reported that 2 cases of adenomyosis were conceived within 6 months after a short course of GnRH therapy with buserelin.^[@bib26]^ A small Japanese study, in which 3 of 4 infertile patients successfully conceived after using a danazol IUD, is also additional evidence to link adenomyosis and infertility.^[@bib42]^
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Furthermore, Fujishita et al.^[@bib29]^ described the modified reduction surgical technique for adenomyosis; and in this study, one patient conceived spontaneously 4 months after operation by H-incision technique. One prospective study used a triple-flap method for reconstructing the uterine wall for 104 patients with severe adenomyosis. Of these, 4 of 26 women who wished to conceive became pregnant after conservative surgery.^[@bib34]^ Uterus-sparing surgery for adenomyosis-associated subfertile women were also demonstrated by Kishi et al.^[@bib35]^ In the group aged younger than 39 years, 60.8% of women with a history of IVF failure achieved pregnancy after surgery, although there was no clear benefit of surgery on fertility outcomes for patients older than 40 years. Wang et al.^[@bib30]^ also suggested that laparoscopic cytoreductive surgery might be suitable for women with localized adenomyosis who failed the usual infertility treatments and assisted reproductive technology (ART). They reported one spontaneous pregnancy that occurred 21 months after surgery.

Conservative surgery or combination treatment in subfertile women with adenomyosis also had significant benefits for not only controlling symptoms but also for increasing the pregnancy rate compared with GnRH-a alone.^[@bib27],[@bib28]^ The cumulative 3-year clinical pregnancy rate and final successful delivery rate were higher in adenomyotic women who underwent conservative surgery with or without GnRH-a compared with those who received GnRH-a alone for 6 months.^[@bib27]^

In one large prospective study, 55 of 165 patients with adenomyosis became pregnant after surgery followed by 6-course GnRH treatment or surgery alone, with a clinical pregnancy rate of 77.5%, and 49 women (69.0%) had a successful delivery by the end of the 2-year follow-up period.^[@bib33]^ The combination of microsurgical cytoreduction and GnRH-a treatment could be appropriate for patients who failed GnRH-a alone or would not tolerate long-term GnRH-a treatment for presumed severe adenomyosis.^[@bib40],[@bib41]^

Effect of Adenomyosis on Reproductive Outcome After Endometriosis Surgery
-------------------------------------------------------------------------

The impact of adenomyosis on pregnancy rates following surgery for both rectovaginal and colorectal endometriosis was reviewed in five articles from 2005 to 2010.^[@bib32],[@bib43]--[@bib46]^　Diagnosis of uterine adenomyosis based on TVS,^[@bib44]^ MRI,^[@bib32]^ and both TVS and MRI.^[@bib43],[@bib45],[@bib46]^ Among the five selected studies, the criteria for the presence of adenomyosis were described in only one.^[@bib32]^

Although fertility was not their primary study end point, in Landi et al.^[@bib32]^ in 2008, a significantly higher pregnancy rate was recorded in women with endometriosis, but without adenomyosis, compared with those with concurrent endometriosis and adenomyosis after laparoscopic excision of deep, infiltrated endometriosis (Table [2](#T2){ref-type="table"}). One prospective study evaluated the cumulative pregnancy rate after intracytoplasmic sperm injection (ICSI)/IVF in patients with colorectal endometriosis. Cumulative pregnancy rates in patients with associated adenomyosis was 19%, and in those who had endometriosis only, it was 82%, revealing that adenomyosis was associated with decreased cumulative pregnancy rate (Fig. [1](#F1){ref-type="fig"}).^[@bib47]^
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Presurgical hormone treatment (GnRH agonists for 3 months) was used in 2 studies.^[@bib45],[@bib46]^ Surgery was performed in 3 studies with laparoscopy^[@bib32],[@bib44],[@bib45]^ and with laparotomy or laparoscopy in 2 studies.^[@bib44],[@bib46]^

In 3 of 5 studies,^[@bib43]--[@bib45]^ no pregnancy occurred in women older than 35 years, and in the study by Darai et al.,^[@bib46]^ only 1 of 24 women who conceived was older than 35 years. Moreover, the percentage of women with adenomyosis seeking pregnancy was 4 of 18 in Darai et al.,^[@bib45]^ 8 of 17 in Ferrero et al.,^[@bib43]^ 11 of 20 in Darai et al.,^[@bib46]^ and 10 of 20 in Stepniewska et al.^[@bib44]^

ART (IVF/ICSI) Outcome in Patients With Adenomyosis
---------------------------------------------------

Many studies reported reproductive outcome after ART in women with adenomyosis.^[@bib21],[@bib48],[@bib49]^ Most concluded that adenomyosis causes infertility, but more prospective studies with a large population should be performed to further evaluate this causal interaction and unravel the mechanisms responsible for this negative effect. One of the first studies that connect the thickness of JZ in women with adenomyosis with embryo implantation failure came from Maubon et al.^[@bib23]^ Two recent large population studies confirmed lower pregnancy rates in women with adenomyosis who underwent IVF.^[@bib48],[@bib49]^ There are significantly lower clinical pregnancy rates in women with adenomyosis diagnosed by ultrasound (23.6%) compared with the nonadenomyosis group (44.6%) after stimulation with a GnRH antagonist protocol for IVF. Possibly, the age factor in older women with adenomyosis may be related to a lower pregnancy rate. This difference was still significant (*P* = 0.031) even after normalization of groups for age using regression analysis.^[@bib49]^ In a study by Tremellen et al.,^[@bib50]^ 4 patients with adenomyosis who previously had multiple unsuccessful IVF cycles promptly resulted in successful pregnancy with ART after prolonged down-regulation with GnRH-a.

However, Costello et al.^[@bib51]^ investigated the effect of TVS-diagnosed adenomyosis on subsequent IVF/ICSI outcome. After a single cycle of IVF/ICSI, reproductive outcome was compared in women with and women without adenomyosis excluding patients with severe endometriosis. There was no difference in live birth rate per patient (cycle) between the 2 groups. Mijatovic et al.^[@bib52]^ also showed reproductive outcome in infertile patients with surgically proven endometriosis who were pretreated with more than 3 months of long-term pituitary down-regulation (GnRH-a) before IVF/ICSI. No significant differences in IVF/ICSI outcome were observed between women with and women without adenomyosis. However, in this study, the authors point out that endometriosis was an important confounder, and 90.4% of the patients with endometriosis were surgically staged with moderate to severe endometriosis (revised American Society of Reproductive Medicine stages III--IV; Figs. [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Having a study population of asymptomatic women with adenomyosis undergoing IVF attempts, Benaglia et al.^[@bib53]^ failed to show a detrimental effect of the disease in the pregnancy rate of these women. The authors proposed that GnRH-a pretreatment might have a therapeutic effect on adenomyosis.
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Association With Early Miscarriage
----------------------------------

Two recent prospective studies concluded that adenomyosis reduces implantation and number of embryos transferred, clinical pregnancy rate, and ongoing pregnancy rate in women undergoing IVF. The first trimester miscarriage rate was also higher in women with adenomyosis compared with the control group.^[@bib48],[@bib54]^ Martínez-Conejero et al.^[@bib55]^ examined the endometrium of women with adenomyosis undergoing oocyte donation and found a similar endometrial gene expression pattern in both the adenomyosis and the control group. The implantation and clinical pregnancy rates were not different in all groups, but the miscarriage rate was significantly higher in the adenomyosis group (13.1%) than adenomyosis + endometriosis group (6.1%) and the controls (7.2%). The term pregnancy rate was also lower in the adenomyosis group (26.8%) than in the adenomyosis + endometriosis (38%) and the control group (37.1%), showing that implantation is not affected by adenomyosis. However, the higher rate of miscarriages associated with this condition led to lower term pregnancy rates, indicating a negative effect on the final outcome of oocyte donation.

Lifelong Primary Infertility in Baboons
---------------------------------------

After assessing their necropsy records, 37 baboons diagnosed with adenomyosis and 38 baboons with normal uteri histology were compared in one case-control study. The authors analyzed the association between adenomyosis, primary infertility, and the presence of coexisting endometriosis. They found that adenomyosis is strongly associated with lifelong infertility (*P* \< 0.001) and was maintained even after excluding coexisting endometriosis cases (N = 17). The weakness in that study lies in the selection of the negative controls. Unless uteri are exhaustively sectioned, adenomyosis cannot be excluded. However, this study showed that adenomyosis is strongly associated with the presence of endometriosis and lifelong infertility.^[@bib56]^

PROPOSED MECHANISM OF INFERTILITY IN PATIENTS WITH ADENOMYOSIS
==============================================================

Abnormal Uterotubal Transport
-----------------------------

### Intrauterine Abnormalities

Anatomical distortion of the uterine cavity may be one important factor leading to infertility, although the mechanism by which uterine adenomyoma has a detrimental effect on reproductive function remains unknown. Adenomyoma that distorts the uterine cavity may obstruct the tubal ostia and interfere with sperm migration and embryo transport. Several studies have demonstrated that submucosal and intramural fibroids in the presence of endometrial cavity distortion are associated with reduced implantation and pregnancy rates.^[@bib57],[@bib58]^

### Disturbed Uterine Peristalsis and Sperm Transport

Using transabdominal ultrasound, the presence of distinct contraction waves in the myometrium can be seen. This peristaltic activity originates solely from the JZ, whereas the outer myometrium remains inactive.^[@bib59]^ Directed sperm transport toward the peritoneal opening of the tubes on the side of dominant follicle by uterine peristalsis is fundamental to the early reproductive process, and it depends on the architecture of the myometrial wall with circular muscular fibers.^[@bib60]^ In women with adenomyosis, normal architecture of the "archimyometrium" (JZ myometrium) was destroyed owing to invagination of the endometrial glands and stroma. This gives rise to the development of hyperplastic muscular tissue that causes dysfunctional uterine hyperperistalsis with increased intrauterine pressure.^[@bib61]^ It seems reasonable to suppose that those changes may affect fertility in patients with adenomyosis. Increased uterine JZ activity just before embryo transfer in IVF is also associated with a reduced pregnancy rate and increased frequency of ectopic pregnancy.^[@bib62]^

### Destruction of Normal Myometrial Architecture and Function

Mehasseb et al.^[@bib63]^ studied the ultrastructural features of myometrium in the presence or absence of adenomyosis. Myocytes of adenomyosis uteri are ultrastructurally different from those of normal uteri. In the presence of adenomyosis, JZ showed cellular and nuclear hypertrophy, abnormal nuclear and mitochondrial shape, abundant myelin bodies, and other abnormalities. This suggests that those ultrastructural abnormalities may cause a disturbance in normal calcium cycling in affected myocytes, with subsequent loss of normal rhythmic contraction, eventually affecting uterotubal transport.

Altered Endometrial Function and Receptivity
--------------------------------------------

### Aberrant Endometrial Metabolism

#### Altered Endometrial Steroid Metabolism

Kitawaki et al.^[@bib64]^ demonstrated the expression of aromatase cytochrome P450 (P450arom) protein and mRNA only in adenomyotic tissues and the eutopic endometrium of patients with adenomyosis, but not in the normal endometrium of women without adenomyosis. P450arom is an enzyme that catalyzes the conversion of androgens to estrogens. Takahashi et al.^[@bib65]^ found menstrual blood estradiol levels were highest in women with adenomyosis, whereas they were within normal levels in peripheral blood, suggesting that local estrogen production may increase estrogen concentration in the menstrual blood of women with adenomyosis. Lessey et al.^[@bib66]^ also showed that overexpression of P450 aromatase increases local estrogen production within the endometrium. Clinical pregnancy rates were statistically lower in women with high endometrial P450arom mRNA levels,^[@bib67]^ and they suggest that P450arom mRNA expression can identify women at increased risk of IVF failure. Moreover, treatment with GnRH agonist or danazol decreased expression of P450arom in the eutopic endometrium of women with adenomyosis.^[@bib68]^

#### Abnormal Inflammatory Response

Macrophages have the capacity to produce not only proinflammatory cytokines, such as TNF-α and IL-1, but also reactive oxygen species that can be toxic to embryos.^[@bib69],[@bib70]^ Tremellan et al.^[@bib70]^ reported women with severe adenomyosis who, after a failed implantation, have significantly greater stromal macrophage density than the nonadenomyosis controls. Additionally, IL-6 mRNA expression was increased in macrophage-cocultured endometriotic stromal cells in adenomyosis.^[@bib71]^ Wang et al.^[@bib72]^ have shown that IL-10 staining intensity in women with adenomyosis was higher in epithelial cells of both eutopic and ectopic endometrium than controls, suggesting that an abnormal inflammatory response may impair fertility (Fig. [3](#F3){ref-type="fig"}).
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#### Altered Expression of Estrogen and Progesterone Receptors

Since IL-6 can activate the estrogen receptor in breast cancer cells,^[@bib73]^ overexpressed IL-6 could lead to an increased estrogen receptor expression in adenomyosis women. Progesterone has antiproliferative activity through its receptors. Within the adenomyotic tissue, there was reduction in the expression of progesterone receptors (A and B) in all layers,^[@bib74],[@bib75]^ resulting in up-regulation of ER-α, since down-regulation of estrogen receptor-α is one of the primary functions of progesterone. Overexpression of ER-α reduces β-3 integrin secretion and alters uterine receptivity.^[@bib76]^

### Altered Uterine Oxidative Stress Environment

A low oxygen environment in the uterus needs to be maintained for implantation of fertilized eggs because an excessive free radical environment may damage fertilized eggs and interfere with embryo development.^[@bib77]^ In a normal woman, concentrations of nitric oxide synthase, xanthine oxidase, superoxide dismutase are low during the proliferative phase and increase during the early and midsecretory phases.^[@bib78],[@bib79]^ In women with adenomyosis, levels do not fluctuate during the menstrual cycle and are overexpressed.^[@bib80]^ Abnormal levels of intrauterine free radicals seem to cause infertility in women with adenomyosis.

Some studies with animal models demonstrated that excess or deficient levels of free radicals mediated by inflammatory factors in reproductive tissue may inhibit both embryo development in vitro and implantation in vivo, resulting in a low pregnancy rate (Fig. [3](#F3){ref-type="fig"}).^[@bib81]--[@bib83]^

### Impaired Implantation

#### Lack of Expression of Adhesion Molecules

Several cell adhesion molecules (integrin, selectin, and cadherin) expressed by the endometrium are necessary for embryo and endometrium interaction. Integrins are the best studied markers of endometrial receptivity.^[@bib84]^ Abnormal endometrial expression of integrin subtype α-5 and β-3 takes place in patients with IVF failure despite good embryo quality.^[@bib85]^ Osteopontin (OPN) is a small integrin-binding ligand, N-linked glycoprotein in the endometrium. It binds to integrin 3, giving rise to speculation that it may mediate trophoblast endometrial interaction during implantation.^[@bib86]^ Integrin β-3 and OPN levels were significantly lower in patients with adenomyosis than in controls. Dysregulation of both integrin β-3 and OPN mRNA and protein in the endometrium during the implantation window suggests that adenomyosis is associated with impaired implantation.^[@bib87]^

#### Reduced Expression of Implantation Markers

Another factor associated with endometrial receptivity, leukemia inhibitory factor (LIF),^[@bib88]^ is present during the implantation window. Leukemia inhibitory factor is an essential cytokine for successful egg implantation during human reproduction.^[@bib89]^ In addition, adenomyotic endometrium shows abnormalities in the production of LIF, which may contribute to altering uterine receptivity.^[@bib90]^ Leukemia inhibitory factor concentrations in uterine flushing are lower in women with infertility than in controls. Additionally, LIF expression is lower in the endometrium of women with adenomyosis during the midsecretory phase.^[@bib89]^ Leukemia inhibitory factor and IL-6 expression is controlled in endometrial cells by nuclear factor kappa B (NF-kB) activation. Nuclear factor kappa B is a transcription factor and critical regulator of innate immune response and inflammation. Ponce et al.^[@bib91]^ reported that NF-kB binding, phosphorylated NF-kB, and IL-6 expression were down-regulated in the late secretory phase in the eutopic endometrium of women with endometriosis. Nuclear factor kappa B activities in the eutopic endometrium of patients with adenomyosis are an intriguing target for future investigation.

#### Altered Function of the Gene for Embryonic Development

*HOXA 10* gene, essential for embryonic uterine development and proper adult endometrial growth during the menstrual cycle, may be involved in creating an impairment of implantation in women with adenomyosis.^[@bib92]^ Its expression is necessary for endometrial receptivity, and it is significantly lower in the endometrial stroma of women with adenomyosis compared with fertile controls.^[@bib93]^

PHARMACOLOGICAL AND SURGICAL TREATMENT OF ADENOMYOSIS
=====================================================

Hormonal Treatments
-------------------

### GnRH Agonists

A lack of randomized, controlled trials exploring the impact of GnRH-a treatment on fertility hinders our understanding of adenomyosis. One case study reported that treatment of severe adenomyosis with GnRH-a for 16 weeks resulted in the live birth of a healthy male infant.^[@bib39]^

### Progestogens

Women with adenomyosis are characterized by a lower expression of progesterone receptors (A and B) in endometrial lesions, but also in the outer and inner layers of myometrium. The treatment of adenomyosis with progesterone may be restricted owing to the abnormal expression of progesterone receptors.^[@bib94]^

### Dienogest

Dienogest (progestin) has been used to treat adenomyosis pharmacologically. Dienogest directly inhibited cellular proliferation and induced apoptosis in human adenomyotic stromal cells.^[@bib95]^ Two nonrandomized studies on a small number of patients have been published, but neither refers to the patients\' fertility. The first study compared 2 groups of approximately 20 subjects treated with danazol and dienogest for adenomyosis.^[@bib96]^ That study did not clearly describe the effectiveness of the therapeutic protocols. Adenomyosis patients treated with dienogest are at higher risk of discontinuation owing to uterine bleeding. The second study presented a correlation of 3 factors: age younger than 38 years, lower hemoglobin levels before the starting point of the therapeutic protocol, and estradiol levels after 3 months of dienogest therapy.^[@bib97]^

### Levonorgestrel Intrauterine System

Levonorgestrel intrauterine system (LNG-IUS) is approved for treating women with adenomyosis who have completed their childbearing. Levonorgestrel intrauterine system treatment is accompanied by decreased pain and heavy uterine bleeding, which could be explained by the following mechanisms: (i) a progestogenic influence on adenomyosis foci; (ii) atrophy of the eutopic endometrium; and (iii) controlling of endometrial factors that changed during adenomyosis. Choi et al.^[@bib98]^ described decreased expression of growth factor and the related receptors in women with heavy bleeding and adenomyosis after LNG-IUS treatment. In another randomized study, Maia et al.^[@bib99]^ described a positive effect of LNG-IUS in approximately 100 women with adenomyosis experiencing heavy menstrual bleeding.

Exploring Surgery Treatments and Pregnancy Rates
------------------------------------------------

### Conservative Surgery Alone

The results of conservative surgery, which consists of laparoscopy or laparotomy, are based on 3 studies in women with a diagnosis with adenomyosis. Two studies reported birth rate,^[@bib31],[@bib100]^ and one reported pregnancy rate.^[@bib38]^ The surgical techniques presented in all the studies consisted of excision of the adenomyoma and hysteroplasty using laparoscopy or laparotomy. The overall average birth rate reached 36.2% (21 of 58) in women who had this surgery.

### Comparison of 2 Surgical Techniques

A retrospective study of 104 patients undergoing conservative surgery compared the classical adenomyomectomy with a new technique, the H-incision surgery. The classical technique was performed in 5 women with adenomyosis who were selected retrospectively among 104 patients. The newer technique was used in 6 of 83 patients who desired to preserve fertility. The classical technique involves incision of the uterine wall and a stepwise resection of adenomyomatic tissue. The newer technique consists of an H-shape incision and excision of the adenomyomatic tissue. In this study, the newer technique resulted in one spontaneous pregnancy 4 months after operation compared with no pregnancy in women undergoing the classical technique. (Classical technique pregnancy rate, 0.14 \[95% confidence interval\].) Time between surgery and pregnancy was 4 to 6 months followed by a live birth, with one continuing pregnancy at the time the study finished.^[@bib29]^

### Adenomyomectomy

When women experience the severe symptoms of advanced adenomyosis, hysterectomy has been advised. However, the more conservative adenomyomectomy preserves the uterus. One study reported that from a pool of 103 patients, 55.34% presented with infertility, and of those, 16.50% had IVF failure, 8.74% had recurrent miscarriages, and 19.42% had abnormal uterine bleeding. Of the 103 patients, 70 attempted pregnancy, 21 naturally through intercourse, and 49 through IVF. Pregnancy outcomes were 30% pregnancy, with 23% live births. The symptoms of dysmenorrhea/hypermenorrhea lessened after surgery. Only one patient had a recurrence of adenomyosis.^[@bib36]^

CONCLUSIONS
===========

In summary, adenomyosis is a common gynecological disorder with unclear etiology. Several studies have demonstrated that the presence of adenomyosis may impair the fertility by affecting the uterotubal transport and altering endometrial function and receptivity. Some indirect proofs have shown that women with adenomyosis have poor reproductive outcomes compared with those without adenomyosis. Based on limited available evidence, it has been reported that infertile women who experience adenomyosis achieved pregnancy after being treated with different strategies, indirectly revealing poor reproductive outcomes in women with adenomyosis. Furthermore, surgery could be effective in women with adenomyosis with a history of IVF failure, although latter finding could be partly attributed to the higher rate of early miscarriage.

However, in the clinical situation, it is still difficult to determine whether adenomyosis is the cause of the infertility or not because, as previous studies have made us aware, unknown or as yet undiagnosed cases of endometriosis may be present in both cases and controls. Additionally, studies on treatment are limited to case series and a retrospective data without control groups. Better studies are needed to determine the molecular mechanism of implantation failure in women with adenomyosis and the impact of adenomyosis on infertile women with or without endometriosis.
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